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SUMMARY

Overview

This report provides a critical introduction to cost—benefit

analysis.  Part icular attention is paid to the assumptions
underly ing such analyses , and the errors to which they arc
prone. A number of suggestions are raised for improving the

analytic process and the contribution it makes to decis ion

makin g.

Background and Approach

Proposals for large-scale government and private projects are

increasingly coming under the scrutiny of cost-benefit analysis ,

decision analysis , and risk assessment . Frequently , projects

are approved only if it can be shown that their ex pec ted benefi ts
outweiqh their expected costs and that their design affords a

specified level of safety.

This paper presents a critical overview of such analyses. It

discusses (a) their rationale ; (b) what determines their

acceptability as guides to decision making ; (c) the problems

such analyses encounter ; (d) how they may be misused ; and (e)

what steps are needed to increase their contribution to our

society. The discussion is illustrated with a variety of

specific examples drawn , in particular , from the evalua tion of

new technologies (nuclear power , supersonic transports , etc .).

~ It p, ~.
.

~~~
‘
~~~

‘ ‘ “~~~ U
~~ ~~~~‘~~:‘~,~ 

..
,~~ 

.~~~ ~~: ~~~~ ‘fl~fS

£

~

- r n

~ 

_ _  _ _ _ _



—I’

Findi ngs and Implications

Cost—benefit analysis and related techniques have a crit ical
role in guid ing decisions, particularly those affecting large

segments of our society. Whatever flaws such analyses may have ,

they are clearly superior to less systematic approaches. It is

important , however , for both the an~il yst and the non-expert

consumer of such analyses to understand the errors to wh ich
they are prone in order to ma intain a cri t ical perspec tive.
Indeed , the insti tutionalizat ion of such cr itic ism may be “cry
valuable.

Addit ional research is needed to clar ify psycholog ical
(subjec tive ) aspec ts of the analytic process in order (~~~~) to

reduce the errors and omissions made by the analysts  and (b )
to improve com m unication of the results of ana lyses and the
assumptions under which they were reached to decision makers. 
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TUE ART OF COST—BENEF IT ANALYSIS

1 . INTR ODUCTION

Consumer and envir nnrnent -alist pressure over the last

decade has dramaticall y opened the process of technology

regulation in this country to public scrutiny. To sc-me extent ,

this opening has consisted of burstin g through doors that- were

alread y ajar. Interested citizens now attend public hearings

that 15 years ago would have drawn onl y government requlat-crs

and industry representatives. Another aspect of the chanqe is

the emerqence of new forms of technoloqy management , the most

vis ible of which are detailed anal yses of the anticipated impact

of proposed developments. Risk assessment , cost—benefit

analysis , dec ision analys is , and the environmenta l impact

statement are among the generic name s of such analyses. 1 Some
of the better known examples are the Rasmussen stud y of nuclear

power plant safety (Atomic Energy Commission , 19 75) , the National

Academy of Science (1975a) study of the impart of supersonic

transports (SST ’ s) on the stratosphere , and the Stanford Research

Institute study of the effects of seeding hurricanes to reduce

their intensity (Howard , Matheson , & Nor th . 1972). The

preparat ion of such ana~ yses has become a qrowth industry, as
governmen t agencies compl y with the National Environmental Policy

Act of 19 69 requiring impact analyses for all major federa l

action s siqnificantly affecting the quality of the environment.

These analys es are tools for regulatory openness because

they force the parties concerned i-n make explicit evaluations

of the risks and benefits i-c he expected from t-echnolngira]

enterprises. The assumptions on which these analyses are based ,

and the numbers used to derive summary cost—benefit rstimates ,

1—1
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I
must also be open to public scrutiny. The criticism which

greeted the initial draft of the Rasmussen Report (Atomic Enerqy

Comm ission , 1974) and the changes made in the final draft are

good examples of how the public can challenge these numbers and

assumptions and help produce more adequate estimates (Primack ,

1975).

Like the technoloqies they are meant to assess , these

analytic techniques have both inherent limitations and potential

for misuse . They will increase the accessibility and sensitivity

of the regulatory process to the interest-ed public onl y if that

public understands the techni ques and their foibles and monitors

the way the analyses are performed . In addition, special efforts

must be taken to insure that the techniques are used when

necessary and their conclusions heeded . To this end , the present

article describes some of the goals of cost-benefit analysis ,

the problems encountered by attempts to perform such analyses ,

and the ways in which specific analyses may be led astray and

produce erroneous results. It ends with some sugqest ions about

how to maximize the social benefits of cost-benefit analysis.

. . - -
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2. BASIC APPROACH

The rationale of cost—benefit anal ysis is that whcn

consider ing a proposed technology, we should issess in advi~nce

the costs and benefits to be expected trorn its imp l ’n~~nt ati on,

and then adopt it only if the anticipated benc-f its c’utweiqh the

antici pated costs.

The expected cost- of a project is determined by (1)

enumerating all aversive consequences that mi ght arise from its

imp lementation (e.g. • increased occupa -ional hazards); (2)

estimating the probability that each will occur; (3) estimatinq

the cost or loss to society should each occur; (4) ralc ul at inq

the expected loss from each possible consequence by multip ly ing

the amount of the loss by th e probability that it will he

incurred ; and (5) computinq the expected loss of the entire

projec t by summinq the expected losses associated with the

various possible consequences. An analoqous procedure produces

an estimate of the overall expected benefits . 2

Performinq a full—dress analysis assumes , among other

things , that (1) all significant consequences ran be enumerated

in advance ; (2) meaningful probability, cost, and benefit

judgments can be produced; (3) the often dispar ate costs and

benefits can somehow be compared to one another; (4) people

really know how they value different consequences today and how

they will value them in the future; and (5) what people want ,

or should wan t , is to maximize the difference between exported

benefits and losses.

2—1
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3 . ACC EPTABILITY

A normative decision—making model , such as cost—benefit

ana lys is , is useful only if it is acceptable to those whom it is

supposed to quide. At first glance , cc-st—benefit analysis does

not seem to play favorites. Although th e decision reached in

any specific analysis will depend on whose values are assigned

to the various costs and benefits , the technique it - self is

designed to accommodate anyone ’s view of what is good and had

for society. If the results of a cost—benefit analysis seem to

favor unfairly one group in society over another , the problem

would appear to lie not with the techni que , hut with the way in

which it is used .

There do , however , appear to be a number of issues which

may render the approach itself , as described above , unacceptable

to some members of the public. One is that cost—benefit theory

is concerned with the total costs and benefits accruing to

society from a project and not with their distribution For

many projec ts , however , the risks accrue to different people

than do the benefits. A mountain village may find itself

downstream from a dam constructed to provide electricity for

consumers many miles away. Residents of the Hanford , Washingt on ,

area si t atop nuclear was tes produced by power p la nt s of ma ny
states. Users of aerosol products may he increasing everyone ’ s

chance of gettinq skin cancer for some dubious benefits.

The cost—benefit analyst typ ically deals with this problem

by sayi nq that if a project’s benefits outweigh its costs , then ,

in principle, the losers could be compensated by the qa i ners.

Althouqh attractive in theory, such compensation may be

exceedingly difficult to carry out in practice. Often it is

3-1
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i m p o s s i b l e  ev~~n to i d e n t i f y  t h e  l o s e r s ,  f~~r e x a m p l e , w h e n  t h ey

are members of future q-~ner Jt - jons. Even if i d e n t i f i c a t i o n  is
poss ible , the costs or p olitic a l diffic u lties involved in m aking

compensatory payments may be prohibitiv e ((raa f, 1976). Unless

a d e q u a t e  payback  m e c h a n i s m s  can  he g u a r a n t e e d , p e o p l e  m a y  have

l i t t l e  p a t i e n c e  fo r  a n a l yses assess i rc - . i  ret b e n e f i t s  ( P o r t n e y ,
1973)

C o s t — b e n e f i t  a n a l y s i s  is a l s o  mut e w i t -h  regard to the

d i s t r i b u t i o n  of w e a l t h  i n  soc i e t y .  T h er e f o r e , a p r oj e c t  de s i gn e d
solel y to r e d i s t r i b u t e  a s o c i e t y ’ s r e seu r c e s  w o u l d , i f  a n a l y r e d ,

be f o u n d  to be a l l  cos ts  (t h o s e  i n v o l v e d  i n  t h e  t r a n s f e r )  a n d  no

b e n e f i t s  ( s i n c e  t o t a l  w e a l t h  r e m a in s  unchanged ). This balance

would only chanqe if it were shown that redistribution itself

might produce tanqibl e benE-f~~ts (e.g., reduced crime ; Panriger

& Wheel er , 1975) , or if equity itself were valued. Peop le

dissatisfied with social inequities may also find cost—benefit

analysis unacceptable because of its heavy reliance on current -

market prices (reflecting current economic arrangements) for

evaluating costs and benefits. 3

Another issue is whether people really do strive to

maximize expected net benefits in their own decision makin g.

There is ~ good deal of evidence that the basic cost—benefit

model is not an accurate description of how people make decisions

in actual practice (Slovic , Fischhoff & Lichtenstein , 19Th; 1q77)

One possible explanation is that peop le try to follow the model ,

bu t the calculations and evaluations required are too arduous

to implement. If this is the case , then cost—benefit ana lysi s

migh t be seen as a formalized procedure designed to he lp pec-} Ic

make the kinds of decisions they cannot reach unassist ed . On

the other hand , peop le may be trying to do something qu it e

3-2
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d i f f e r e r t f r o m  t h a t  w h i c h  i s  er e scr i b ec l  by t h e  m o d e l .  For

ex a m p l e .  p er h a p s  t h e y  ar e  most  ~n t e r e s to d  i n  m a k i n g  d e r i s i O f l 5

t h a t  a r e  r e a d i l y  ex p l a i n e d  to t h e n s e lv i S  - -~nd - t h e r s  i n  common

sense t e rm s .  I t  may  bc e a s i e r  to  I i~’e w i t h  a good j u s t i f i c a t i o n

( e . g . , t h a t ’ s the ~ay we ’ ve a l w a y s  done  it ’) t h a n  w i t h  t h e

d i c t a t e s  of a complex  and  p er h a p s  u n i n t a i r i v e  m o d e l . 4
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4 . A P P L I C A B I L I T Y

Assuminq that we want a cot.t—henefit analysis , we must

still ask whether it can be perforni d in any given situati on .

Specifically , can we do a good enough j h  cf enumer ating

consequences and estimating probabilities and values to justif y

the enterprise? The best way to answer this question would

seem to be by considering some of the difficu lties encountered

in making such ~ud qments. We will consider , in ord er , the

enumeration of consequences , the judgment of probability and ,

finally, the judqment of value or utility.

4.1 Enumeration of Consequences

In order to list all possible consequences , analys ts must

consider not only the performance of individual components in

the system they are study ing but also int-erdependencies between

those components and the way the system itself interacts with

the surrounding human and physical environment. As one

indication of the level of complexity that may he encountered ,

some of the anal yses produced in the Rasmussen study were so

large that they exceeded the capabilities of the computer proqram

designed for the study and had to be analyzed by hand (Weatherwax .

1975) . To reduce these problems to manageable size and

comprehensibil ity, a sophisticated technoloqy of reli ability

assessment (Coates, 1974; Green & Bourne, 1972) has been

developed in recent years.

4. 1.1 Tree Analysis. Two key tools in this technology arc’

faul t—tree and event—tree analysis. Each uses a tree structure

to show the interrelations between the components of the

operati ng system. A typ ica l branch point mi ght have i sa fe t y

4— 1
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system either operating or not opera ting in response to an

emergency situation. The “safety system fails ” branch mi ght
lead in turn to a branch point for “plan t eva cuation a l i r rr ~
sounds or fails to sound” . A “pathway to Li i s i s t r ” is a chain

of events in which the wrong branch is t a k e n  e v e r y  time ; that

is , everything goes wrong and there is a r~ajor system failure .

The probability of such a pathway is computed by considering the

probability of each of its constituent failures. The risk

associated with a pathway is determined by multiply ing its
probability of occurrence by the magnitude of the consequences

should it occur. Adding the risks associated with each of the

different pathways produces an estimate of the riskiness of the

ent ire system.

Event trees start from a particular undesired initiating

event (e.g., a break in a p ipe or a sudden stoppage of e lec tricit y )
and project all possible outcomes of that event. Fault trees

start with a particular undesired final event (a failure of the

system ) and work backward to identify the component failures

needed for it to have happened. Essentially, the two techniques

build the tree from oppos ite ends.

The major danger in designing a fault or event tree is

leaving things out , and thereby undeoestimating the true risk.

The critici sms leveled at the Rasmussen report , one of the most

thorough risk assessme nt s done to date , suggest that this danger
may be substantial (e.g., Primack , 1975).

Several kinds of pathways seem to be particularly prone

to omission . One type is those pathways involv ing human error

or misbehavior. The Rasmussen study concluded that human-

initiated events were both the greatest source of danqer and the

4—2
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one most poorly understood (Weatherwax , 1975). How can  we ever

be certain that we have enumerated all of the important and

imaginative ways in which we , the people (aS opposed tr th y,

the machi nes ) , can mess things up? Consider the Browns P o r r y

fire , in which the wor ld’ s largest nuclear power p lant r i:i ,

close to causing “many casualties and radiat ion cont ami na tion of

a large part of Alabama and Tennessee ” (Cemey, l9 75i ) . The f i r e

was started by a technician checking for an air l e a k  with a

candle , in direct violation of standard opc r a tj n q ; ro ’edurc ’s ,

The fire got out of control , in part , because plant po rsen rel

were slow to sound alarms and begin the reactor shut-down.

Disaster was averted finally when plant personnel “manag ed to

jury—rig pumps normally used to drive control rods into the

reactor to pump water [to cool the reactor core) instead”

( Bus ines s  Week , 1975a). It is a moot point - whether such huma n

error —— or inqeriuity —— can ever he adequately enumerated and

quantified for the purpose of accurate risk analysis. As

difficult as it may be to quantify human frailty, these risk—

analysi s problems may be simple compared to trying to p in a
number on human malice (i.e., sabotage).

A second source of omissions is failure to consider
unan ticipated changes in the world in which the technology

functions (Coates, 1976; Hall, 1975). Risk assessments are

always predicated on some assumed constancies in the external

environment. These assumptions may, however , prove to he

erroneous. For example , nuclear power plant design assumes the

availability of back—up electrical power sources should the

reactor fail and need to be shu t down . It- seems unlik ely that

any reactor fault tree desiqned before 196~ would have included

is a possibility the great hlac~cout of that year. Omissions may

also arise from assumptions whose failure to hold is much less
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surprising than the great blackout , bu t  whose validity was simply

never quest ioned . The continued availabilit y of properly trained

personnel is the sort of assumption that a tree ’s designers mi ght

not even realize they are makinq .

A third kind of omission arises from overconfidence in

our scientific and technoloqical knowledge. An assumption of

most analyses is that the system has been designed correctly

and will work if none of its components fail.
5 

To the best of

the designer ’s knowledqe , this is always the case . But  the

knowledge of even the best enqineers is limited . Certainly it

is not impossible that there are chemical and physica.l effects

yet to be discovered which miqht threaten a system ’s operation.

For example , despite the extensive study of possible environmental

problems that preceded its construction , the Alaska Pipeline

venture is now threatened by the sudden and unforeseen retreat

of the Columbia Glacier near Valdez Harbor. As the qiacier

retreats, it discharqes larqe numbers of icebergs, many of them

undetectable , in the direction of the shipping lanes for tankers

coming for North Slope oil (Carter , 1975b). A remarkably candid

acknowledgme nt of the limits of one branch of scienti fic
knowled qe may be found ~~~ Weisbecker (1974) “The available

knowledge concerning environmental requirements of biological

comm unities cannot be used to predict with any precision th~
ecological effects of a WOSA (snow enhancement by cloud seeding)

program ” (p. xv).6

A fourth type of omission results from failure tø See how

the system func tions as a whol e. For example , the rupture of a

liquid natural gas storage tank in Cleveland in 1944 resulted in

128 deaths , largely because no one had realized the need for a

dike to conta in spillage (Katz & West, 1975). The DC-1O f a il e d

4— 4
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repeated ly in its initial flights because none of its designcrs

realized that decompr~~ssion of the cargo compartment would

destroy vital parts of the p lane ’ s control system runnin g t h r o ugh

i t  (H oh e n e m ser , l 9 7 ~~) . C rt ’en and  B o u r n e  ( 1 9 7 2 , p .  5 4 7 )  c a u t i o n

us not  to forget t h a t  sy s t e m s  may  w e l l  be d y s f un c t i o n a l  w h e n

needed because they are undergoing routine maint enance and

testing or because they have been damaged by the testing process.

Another example of such  omissions is provided by a

National Academy of Sciences stud y of the effects of thermonuclear

war. The Academy panel decided that the anticipated reduction of

the earth’ s ozone shield would not- imperil the survivors ’ food

supply because many crops could survive the increased ultraviolet

radiation. The study failed to point out , however , th at

increased radiation would make it virtually impossible to work

in the fields to raise those crops. “How was this overlooked ?

Because . . .  it fell between the chinks of the expert panels.

The botanists who considered the effects of ultravi olet

radiation on p l a n t - s d i d n ’ t t h i n k  to w o r r y  a b o u t  t h e  w o r k e r s . ”

(Boffey, 1975 , p. 250).

A fifth sort of error , and one that the Rasmussen study

qroup took great pains to avoid , is overlooking what are called

“common mode failures ” . To ensure greater safety, many

technoloqical systems are built with a great deal of redundancy.

Should one crucial part fail , there are others designed either to

do the same job or to limit the resulting damage. In a nuclear

power plant , for ex amp le , there are many pipes c a r r y i n q  c o o l a n t

to the reactor core . Should one spring a leak , others will take

up  i ts  load until it can he rep laced . If all fai l , then the

reactor can shut down by other means. Since the probability of

each individual pipe failin g is very small , the probability of

4—5
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all failing and the shut—down mechanism failinq, thereby
creating a major disaster , would seem to be extremely small.

This reasoning is valid only if the various components are

independent , that is , if what causes one pipe to fail will not

automatically cause the others to fail. “Common mode failure ”

occurs when the independence assumption does not hold. As an

examp le , the discovery that a lar ge set of pipes in sever al
nuclear plants were all made from the same batch of defecti ve

steel (Eugene Register Guard, 1974), suq qests that it is not

implausible that several such pi pes would fail sim ultu n ecus ly.

At Brown ’ s Ferry, the same fire that caused the core to overheat
also damaged the electrical system needed to shut the plant down .

Constructing a tree that considers all such continqencies may be

very difficult.

4.2. Assessment of Probabilities

Assuming that’ we have constructed the best tree possible ,

we still must estimate the probability associated with each of

its links. Such estimates are mos t believable whe n based on
extensive experience. If we have observed a particular piece af

machinery do its thing thousands of times , we can norma lly
produce a confident estimate of the likelihood tha t it wi ll fa il

next time around . If we are look ing at a different , but related ,

piece of machinery or at the same piece of machinery in a new

environmen t (e.g. , under extreme pressure or cold), we woul d have

less confidence in the orignal estimate. Our confidence would

also be reduced if we had never seen the enti re p iece of mach iner y

in operation but knew a great deal about the reliability of its

components. If many of these components themselves were untested ,

our assessment problems would be greater sti ll. If the mach inery

depended on its human operators reliably performing complicated

4—6 



operational and maintenance procedures , or if sabotage attempts

were a reai possibility, we might be quite hesitant about puttinq

much faith in our estimates.

A further complication arises from the fact that the

sys tems whose riskiness we are most ea ger to assess are those
with potentially the most disastrous consequences. Such systems

are typically designed to the highest standards of reliability.
Un for tunately , the more rel iab le an element is , the larger the

sample of its operation we must have to estimate accurately its

failure rate. “This means that proof of low reliability may be

relatively easily obtained , but that proof of high reliability
may be much more diff icult.” (Green & Bourne , 1972 , p. 533).

Thus , while we now know that nuclear power is “fa irly safe ” ,

whether it is “extremely safe ” remains something of a mystery.

To provide valid es timates in lieu of appropriate
histor ical data , the estimators must be experts in both the topic
in question and in the making of probability estimates. There

is no guarantee that these two forms of expertise go together ,

that is , that those who unders tand a system bes t are able to
convert their knowledge into valid probaiAlity estimates and to

assess the quality of their estimates. In our own work

(Lichtenstein & Fischhoff , 1976), we have found that people

who know the most about var ious topics are not consistently the

best at expressing the likelihood that they are correct. It is

impor tant to know how general this result is. Murphy and
Winkler (1974) have found moderate , but systematic biases in the

probabilistic predictions of ex per ienced weather fore ca sters.

Performance was improved somewhat with intensive traininq ,

although the training appeared not to be readily transferable

to new tasks (Winkler , 1975) . Training has not been tried with

4—7
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professionals in other field s, nor with people trying to estimate

the probabil ities of ex tremely unl ikely events , the type that

reoccurs in risk assessments. Indeed , we know little about how ,

or if , people distinguish between probabilities such as 1 in
100,000 and 1 in 1,000 ,000. Psycholog ical research is just

beginning to show how to accommodate the fact that the way in

which probabilities are elicited affects the estimates that are

produced (e.g., DuCharme , 1970; Pitz , 1974; Selvidge , 1975;

Slovic , Fischhoff & Lichtenstein , 1977)

As an example of the sort of prob lem s that may be
encountered when making probability estimates , consider
estimating the distribution of failure rates for various machine

components. This distribution shows what proporticn of the

components of a particular type will fai l once in 1 ,000 operations
(or hours of operation), once in 10 ,000 operations , once in

100,000, and so on. When extensive histor ical evidence is not

available , there are a variety of judgmental techniques for

estimating such distrib itions. The Rasmussen group used a

var iant of the “extreme frac tiles ” method , asking their experts

to choose one number so extreme that only 5’~ of the componen ts
would have lower failure rates , and another number so extreme

that only 5% would have higher failure rates. If these extreme

fractiles are properly estimated and the actual failure rates

can be measured , in nine cases out of ten the observed failure

rate should fall between the two estimates. Fractiles that are

close together indicate that the failure rate for the component

being considered can be predicted with qreat precision.

Lichtenstein , Fischhoff and Phillips (1976) have reviewed some

two dozen experiments testing the appropria teness of peop le ’s

estimates of extreme fractiles. These experiments , usinu a

vari ety of problems , a variety of ways of eliciting the extreme
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fractiles , and a variety of sublects (including stockbrokers ,

weather forecasters , and Harvard ~.IBA students) consistently found

that people ’s extreme fractiles were much too close together;

that is , the true value was much toe often either lower than the

low fractile or higher than the high fractile. If these results

may be generalized to the estimation of fractiles for failure

rate distributions , they suggest that the Rasmussen report ’ s

experts may have systematically overestimated the precision

with which they could estimate failure rates , which may in turn

have led them to be overconfident in the precision of the

conclusions based on those estimates.

How qood are typical risk assessments? (reen and Bourne

(1972 , p. 551) report that “in a typ ical examp le of about ~0

different system elements ” assessed failure rates were within a

factor of four of observed failure rates (i.e. , between one—

fourth and four times as larqe ) for 96~ of the cases , with no

systematic tendency to over— or under-estimate. Similar results

are reported in greater detail by Bourne (1971, l 97fl, Eames

(1966) , and Hensley (1968) . Whether this deqree of accuracy is

adequate depends , of course , on the magnitude of the possible

consequences involved , the specific components for which the

larqest errors are incurred , and the way in which errors in the

estimation of failure rates for components accumulate to affect

the estimated failure rate for the entire system .

4.3 Values

The costs and benefits emerging from most technologies

are quite a varied lot , measured in u n i ts such as doll ars ,

aesthet ic va lue , and freedom to adapt new policies in the future.

In order to compare the expected costs and expected benefits

4—9
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assoc iated with a proposed technology —— to see if it’ s worth

our while to adopt it —— the cost—benefit analyst must find a

way to express these different conscquenc~es in some common un it.

Thi s is most apparent with technologies like nuclear power ,

automobil es, or the storage of li”uid natural gas , in which the

major expected benefits are measured in dollars , wh ile the

major expected losses are measured in redurc .il life expectancy

and increased susceptibi lit’~ to di s ase or vio1e~~t a :cident.

To know whether or not we want these techneloqies , we must-

decide how much a human life is worth.

An intuitive response is that there is no way to put a

val ue on a human life. Yet , in a sense , we do it all the time .

Whenever we decide not to install fir detection devices in our

homes or air bags in our cars or we let a higher—paying lob

draw us to a city with a higher crime rate or greater earthquake

danger , we are allowing some monetary reward to compensate us

for a sli ght reduction in survival probability. In a sense , we

are assigning a value to a slice of our own lives and those of

our families. Although these trade—offs are seldom made

consc ious ly, for most of us there probably is some explicit

gamble with a very high prize for winning and a very low

probabili ty of losing on which we would he willin g to  stake our

lives (say, a one in a million chance to lose one ’s life against

a 999 ,999 in 1 ,000 ,000 chance to wir~ $100 ,000). Howard (197?h)

has argued for offering people a series of such gambles in order

to determine the value they place on their lives and then using

this fi gure where needed in cost—benefit anal yses. tin less we

are certain that such hypothetical choices correspond to people ’ s

real preferences , that the way in which we pose the gamble will

not affect its acceptability, and that people can m oaninqf ull y

distinguish between probabilities like 1 i n  100 ,000 and 1 in

1- 10
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1, 000 , 000 (o r  t h a t  our  c o n c l u s i o n s  ar e  u n a f fe c t e d  by l a r~~e c r r~~r s
in esttmat ic;~~), this procedure will provide a shak y basis for

7import-mt le~~1sions .

A r e lated proposa l  is to look at  the  v a lu e s  p eop le  set on
their lives in the imp licit gambles they undertake daily. For

ex a r n p l c , Th a l or  and Rosen ( 1 9 7 3 )  have  f o u n d  t h a t  an i n c r e a s e  in

salary of about $200 per year was required to induce men in risky

professions to ac~ e;t an increased annual probability of .001 of

accidental death. From this , they i n f e rred tha t the va lue of

l i fe , at the marg in , is equivalent to $200 ,000.

The validity of this approach depends upon the validity

of a number of not—immediately—obvious assumptions upon which it

is ba sed : (1 ) tha t pas t p r e f e r e nces are v a l i d  ind ic ators of

present and future preferences; ( 2 )  that people acc u ra te ly

perceive the magnitude of the risks they accept; (3) that peop le

make decisions accurately reflecting their true preference .-;

without being overwhelmed by the complexity of the dec .isiou

problems and therefore opting for sub-optima l solutions; and

(4 ) that the marketplace is responsive to people ’s des i r e s  and

provides them with choices that allow them to express their true

preferences. As a case stud y in the tenuousness of these

assumptions , consider the problem area of auto safety. Before

the publ icat ion of Ralph Nader ’ s (1965) Unsafe at Any S~~’’d , and

to some ex tent  today , most drivers had no idea of how safe their

cars  were, nor how safel y they could be designed , nor what safety

would cos t , nor how to go about gcttinq the auto makers to provid e

them the choices they wanted (see also Fischer & Korton , 1 ) 7 5 ) ,

Another popular approach for setting a value on people ’s

l i v e s  is to c a l c u l ate the “net benefit to society ” of h av in~ t hen ;
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alive . This fi gure is derived by subtractin q t h e  dollar v a ij e

of their lifetime consumption from their l i f t;me earnio. ;s.

However , as Bishop and Cicchetti (1973 , . 1 12 )  :~~~te , “ t1 der ‘.his

approach extending the lives of tue n on -erk in g poor , welf a re

recipients , and retirees is counted as cost , r~ot as a benefit

of a hea l th p rogram .”8

Assessing the value of a human life is not the only problem

facing analysts in their quest for a common measure for all costs

and benefits. Consider the difficulties of trying to measure the

value of a part icular landscape , or of the knowledge that a

landscape is in its original form (and not reclaimed) , or of the

prese rva t ion o f op tions f o r  f u ture  genera t ions , or of reductions

in noise leve l ( B i s h o p  & Cic che tt i , 1973; Fischer , 1974 ; F i s h e r

& Kru t il l a , 1973; Peskin & Seskin , l973a) . Many cost—benefit

ques t ions are  so comp lex tha t eve n whe n d o l l a r  va lue s  ca n be

assi gned to d i f f e ren t aspec ts of a p ro jec t , it may be ex treme ly

diff icult to compute the total value of the project. Hanke and

Gutmanis (1973 , p. 262 ) compared two industry—by-industry studies

of the costs of water pollution control. Although derived only

a year after the first stud y, the estimates from the  secood ( l 9 7 ~~)

study showed a mean absolute change per indus try of 80~~. The

apparen t source of these d i f ferences was the number of
manufac turing e”tahlishments included and the distributic ’m of

their sizes.

How we l l  a r e  ana lysts able to overcome these diffi culties?

Tiha n sk y (1973) surveyed 200 studies of the benefits of wat er

pollution controls and found but a handful that he felt w r e

methodolog ically valid . llanke and Gutrainis (1973) cited serious

shortcomings in estimating the costs of water pollution contr ols ,

the ‘&. asy ” part of cc,st—benefit analysis for water pollution
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poli cy. According to Rowen (197~~) , many analysts adopt the

eas i e s t  a;~p roach  of all for dealin g with hard—to—measur e costs

and benefits: they simp l y omi t them .

An alternate proposal that has gained considerable support

in some quarters is the d i v i d e — a n d — c o n q u er  s t r at e g y  of m u l t i —
at tribute utility theory (Edwards , 1971; 1-luber , 19 74; Raiffa ,

l~~68; von Winterfeldt & Fisher , 1975) . I n s t e a d  of t r y i n g  to

ass ign  a ho l i st ic ( d o l l a r )  v al u e  to a set of objec ts , f o l lowers
of this procedure first decide which attributes (or dimensions)

of these objects are most important to them and then evaluate

each object on each dimension. These judqments are then aggregated

by some fo rma l a l gebraic rule that typ i a 1 .y ref l e ct s the relative

impor tance of each attr ibute in o rder  to pr od uce an over all

eva lua t ion (or u t i l i t y )  of each o b j e c t. Thes e “o b j e c ts ” co u l d  be

a set of houses that one is considering buy ing  (wi th the

a tt r i b u t e s  of pr ice , loca tion , etc.) or f u ture  w o r l d s  re l y ing

on d ifferent energy sources (with the attributes of p ollution ,

i n t e r r u pta b il i t y  of power , and so fo r t h~

Al though the multi-attribute utility approach does not

solve the problem of finding a common denominator for diverse

a tt r i b u tes , it does tend both to make the trade—offs more exp licit

and to put attributes that are  d i f f i c u l t  to e x p r e s s  in  d o l l a r

terms on a more equal footing. I t can a lso hel p explain apparent

inconsis tencies in people ’s preferences. For examp le , Cohen

(1974) has sarcastically noted that althoug h th~ risks of nuclear

power appear to be equivalent to those incurr i by b i n ) 1 / 0  of an

ounce overweiuht , peop le are much mo te w i l l  i t ; ; t~~ j c c ;~~ - t t in  J u t  f r

r i s k  than the f o r m e r . Such p r e f e r e n c e s  a r e necessar i l y

incons i s t en t on ly  i f  people evaluate their lives in terms of

only one attribute: breathing or not breathing. (‘onsiderat ion

4 ... j 3



f o t h e r  ; t t r i b u f s , li~ the a u a l it v  of the l i f e  t h a t  peop le  are
l e f t  w i t h  and wh th r hey m u s t  c o e x i s t  w i t - h an entity they f i n d
u t  t onl y h o r r i f i c  (nuclear p o w e r )  , m i g h t  make t h e s e  p r e fe r e n c e s

seem m o r e  r e a s o n a b l e  (see  a l s o , P a h n er , 1 9 7 6 ) .

4.4 Srcie t ul Gambles

I m u l m e n t  in g  a ny  ne~ t e c h n o l o g y  is a gamble of s o r t s , and
like other rumbles , it - s att ract iv en ess  d e p e n d s  on both the

li kelih oo d uf ~ in ning and losing and how much will be won or

lost . Once w have evaluated the risks involved with a proposed

t e c h n o l o g y  and the  b e n e f i t s  t h a t  may a r i s e  f r o m  i t , we must

d e c i d e  i f  i t  is w o r t h  our  w h i l e .

V i e w i n g  t e c h n o l o gica l  i n n o v a t i o n s  as ga rib les  nruy  he l p
e x p l a in why the con trovers i es sur ro und i ng them of ten Ji ; p e ur  to

be irr esolvable . Even when people  agree on the r isks and benef it s
a s s o c i a t e d  w i t h  a p a r t i c u l a r  gamble , t he re  a re  s u b s t a n t i a l

individual differences in general willingness to accept gambles ,

that is , di f fe rences in “ r i s k  avers ion ” as it is u s u a l l y  c a l l e d

(Brown , K a h r  & Pe terson , 1974) . We can specu la te t h a t  one r eason

why people a rgue  so hea ted ly  abou t the p r o b a b i l ities ar d val ues

associa ted w i t h  te c h n o l o g i c a l  gambles is that, were these i s s ues

to be resolved, people would have to conf ront the ques tion of the

sor t of gambles  tha t soc i e ty  sho u ld take . Argu i ng abo ut how

much risk—aversivenes s is appropriate for society seems even less

amenable to resolution than arguing about the facts of the gambles.

There  appears  to be a subs tan t i a l  aver s i on  eve n to

acknowledg ing that we face gamble s in our socie tal decision
making . Jus t prior to hea r ing a “blue ribbon ” panel of scientists

repor t being 95% certain that cyclamates do not cause cancer ,
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Food and D r u g  A d m i n i s t r a t i o n  C o m m i s s i o n ’ r A l o x a n d c ’ r ~~~ . Schnu :t

said , ” I ’ m looking for a cl ean b ill of h ea l t h ,  n i t  ~~i sh t ’ — w s h \ ,

i f f y a n s wer  on c yc l a m a t e s .  “ ( E u g e n e  R u  ist or  (~u a r d  , I q7~~)

R e c e n t l y ,  S e n a t o r  ~iu s k i e  c a i l d f o r  “ ‘  — .irn e d ’ s e i t ’  i s t s , ~~l~ i ’

do not respond ‘on the one hand , ~he ev ia-n e is ~o, b i t  o n t h e

o the r  hanr i . . . ‘ “  when asked ihout th e health ,ff oc’ t s of ;. - l l u t in s

(Dav id , 1 9 7 5)  . A n a l y s t s  m u s t  h~ vet y caref ul t o ’  t n r n n i so t no

public more certainty than their cra ft can p r o v i i ~~. Such

promises can produce an undue i ncreas’ not onl in h’ ‘Hihi i ’  ‘ S

r e l i a n c e  on e x p e r t s  ( a n d , pe rh aps , i n  t h e  f ’n ; t J , . j t  io n f o r  ‘xr r t s
to pass o p i n i o n  o f f  as f a c t , K i n t r e w i f ? , 1u 7 t ’ ) ,  b i t  u s’’ i n  the

b e l i e f  t h a t  an a n a l y t i c  “ f i x ” ca n he f o u n d  t h a t  w i l l  r v l i ’~~’ us
of t h e r e s p o n s i b i l i t y  of f a c i n g  d U t i c i j i t  sen t - a l  i ’ • ~. 1~~~ n n ’~

Acco r d i n g  to c o s t — b e n e f i t  t h e o r y ,  dec i s i o ns  to  e’rol t or

r ej ec t  qan ib l e s  s h o u l d  depend on t h o se  u a m h l e s ’ e \ p . c t t ’d  n et
be n e f i t .  P s y c h o l og i s t- s  and  e c o n o m i s t s  h ay s t u d i e d  t h e  g a m b l i n g

behav io r  of individuals to see i f  t h e y  do , i n  f a c t . i d h r to

t h a t  c r i t e r i o n .  The evidence i s  m i x e d  (e .g ., R a p n p -r t  ~ W a l i s t - e r i .
1 9 7 2) .  S o m e t i me s  people  a r e  gu i d e d  by expec ted  n et  b e t i o f  jt it

other times they a re  i n f l ue n c e d  by o t h e r  f a c t o rs , such  u s  t h e

way in which gambles are present-nd . For example . Licht en str ’in

and Slovic have found that when asked how much they ar willin g

to pay to partici pate in a qamble , people concentrate on how m u c h

t h e y  s t a n d  to w i n  or lose;  when  a sked  w h i c h  of two o am h i s t h ey

w o u l d  p r e f e r , t h e y  focus on the probability of winnin g or 1o~~
jnq .

Working both in p s y c h o l og i c a l l a b o ra t o r i e s  and  it t h e  F o u r  tnJ~o’ns

Casino in Las Veqas , they found (Licht c ’n stein & Sle~-’i c , l~~7 l ,

1973) that it is poss ib l e  to c o n s t r u c t  p a i r s  of g a m b le s  f u r  w h i c h

people prefer to play one , hut a r e  w i l l i n g  to p a y  m or e  to I i y

t he  o t h e r .  
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If “ simple ” casino—type gambles can lead to i r c on s l s t t

behav io r , we m u s t  expect-  even gr e a t e r  difficulti e s in e v a l u i j t j n ;

technolo qical gambles which a re  u n d e r t a k e n  f o r  s o c iet y  as a
who le , of ten including future generations. A lth ou gh such g a m b l e s

a re  f a r  f rom nove l e v e n t s  (most  d e ci s i o n s  to go to war , fo r e x a m p l e ,

have f a l l e n  in t h i s  c a t eg o r y) ,  we have no c l e a r — c u t  g u i d e l i n e s

fo r  m a k i n q  such decisions in a democratic sccietv (Nash , l i rce

& S t a n l e y ,  l 97~’; Z e c k h au s e r , l9 7~~) .

Chauncey Starr , a leading proponent of cost—benef it

a n a l y s i s , has  suqqested t h a t  we use t h e  preh renoes ru ve u I d  i n
past decisions to guide future s o c ie t a l  g a m b l i n g  (starr , l~~~u ;

Starr , Rudman & Whi p p l e , 1Q76 ). According to this proposal ,

historical accident and fa tali t y records reveal patt erns of

acceptable risk—benefit tradeoffs. Ai’crptahle r i s k  f o r  a n ew

technology would be that level of s a f e t y  associated with ongoing

activities having similar benefit to society. Th( v a lidity (‘f

this proposal rests on much the same assumpt ions is using curr ent

market values to determine the value of  l i t e , and it is prori~’ to

the same c r i t i c i s m.9

4.5 Criticism and Self—Criticism

It might be tempting for non—experts to gm at- over th

difficulties that risk assessors face and the poten ti a l flaws

in  t h e i r  a n a l y s e s .  One reason why such gloa t ing would he

misplaced is that we , the public , have a lo t  a t  s ta k e  r n  how

w e l l  the  a n a l y s t s  do.  A second is that we ar’ , u t -er a l l ,

equ i pped w i t h  t h e  same f a l l i b l e  c og n i t i v e  a p p a r a t u s  th at t h e

a n a l y s t s  have and , t h u s ,  c o u l d  p r o b a b l y  d o l i t t l e  l t t r i n  t h e i r

stead . Society has been qam b linq with people ’s l i v e s f o r  y o u r s .

What cost—benefit analysis has done is brin o the issues u r u d e r l ’ 2 1 n ;
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these gambles out in the open to facilitate makin g clearer , mor

willful choices. To a larqe extent- , once the a n a l y s t s  h av e  done
their best , the hail is passed back to  t h e  p u b l i c  or i t s  e lec t e d
and appointed representatives. If t h e  p u b l i c  or i t s

representatives fail to understand the results of these analyses

and t h u s  f a i l  to act  upon t h e i r  imp l i c a t i o n s , t h e n  t h e i r
s o p h i s t i c a t i o n  may be fo r  n o u q h t .

Starr , Ru d m a n  and Whi pp l e  ( 1 9 7 6 )  s ug ge s t  a v a r i e t y  of
ways in which people ’s perceptions of r i s k  ar e  l i k e ly  to  d i f fe r

p e r s i s t e n t l y  f r o m  t hose  o b t a i n e d  by c a r e f u l  a n a l ys i s .  For e x a m p l e ,

they believe that the single most important factor in risk

perception is risk controllability, an attribute which peop ie

have often been found to exaggerate (Vidma r & C r i n k l ~aw , 1974).

Kates (1962) has found that flood plain residents often have very

inaccurate ideas about the likelihood of floods in their area ,

despite first—hand experience and extensive exposure to media

reports of flood prevalence. As a result , they o f t n respond to
flood dangers in ways that are not in th e i r  best interest

(Kunreuther , 1976). Research is needed to h i t , experts structure

problems and assign probabilities. It is au so needed to show

them how to communicate the results of their analyses to the

public (Slovic , Fischhoff & L i c h t e na t e i n , 19 7 6 )

For its part , the public must evaluat e the forma l analyses

presented to it to see whether they provide solut ions to the

problems addr essed or “merely ” clarify the issues involved ; the

public must also evaluate the quality of i ts own decision—m a kin g

skills and take the steps needed to acquire the skills it lacks.

One step forward would be schooling in those aspects of cost-

benefit analysis or decision analysis th at do not r eq u i r e

inordinate amounts of specialized trainin g . H. C. Wells siid
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once that “statistical thinkin g w i l l  one day be as i m p o r t a n t  fo r

ooed c i t i z e n s h i p  as t he  a b i l i t y  to  read and write. ” That day

seems to have come . The public needs these skills to influenc e

in telligently the societal decisions that - are being t a k e n  on i t s

beh a l f , and to respond properly to those problems when the

decision is our own . At some time in the not—toe—distant future ,

people l i v i ng  in e a r t h q u a k e — p r o n e  a r e a s  may receive messages like

the following : “There is a ~O chance  of an  e a r t h q u a ke  of

magnitude 6.~ and 7.~ along a fault lin e of lO— l~ mi le s centered

approximately 50—100 m iles south of town , to occur 3 years from

now , plus or minus 6 months. ” Wi l l  they know how to respond to

the gamble this message implies?
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5. APPLICATIONS

U n d e r s t a n d i n g  the  p o t e n t i a l  and l i m i t a t i o n s  of cos t—
benefit analysis requires an u n d e r st a n d i ng  not  o n l y  of the basic
problems described above , but also of the difficulties that

arise in actua l practice . The problems tackled by cost-benefit

analysis are so varied that no one technique is adequate for

handlin g them all. Cost-benefit methodology provides the analyst

with a general approach to technology assessment and a bag of

tricks for measuring expected costs and benefits in individual

s i t u a t i o n s .  The v a l i d i t y  of any  g i v e n  an a l ys i s  depends  on a
v a r i e t y  of s p e c i f i c  factors such as the messiness of the problem ,

the skill of the analyst , the way in which the analytic question

is posed , the existence of appropriate techni ques in the bay of

tricks , and the analysts’ ability to fashion new ones if the

bag is emp ty.

This section considers possible problems with several

specific analyses. They were chosen not’ for their being

par tic u l a r l y  f l awed , but to illustrat e difficu lties arising

with the best of analyses , performed by the most conscientious

of a na lys ts , working with limited resources and an imperfect

methodology.

5.1 Chemical Hazards

In 1974 , the Environmental Protection Agency commissioned

a research team from Stanford Research Institute (SRI) to

develop a general methodology for analyzing the costs and

benefits associated with regulating hazardous chemical wastes

(Moss , 1975; Moll , Baum , Ca pener , Dresch & Wright , 1975) . The

SRI group chose as “exemplary ” noxious wastes , asbestos and
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cadmium , a byproduct of zinc smelting and tire manufacturing.

Their procedure was to (1) identify the sources of asbestos and

cadmium emissions in the U.S. and their place of initial

deposition (air , rivers , solid wastes), (2) characterize currently

available emission-control technology, (3) estimate the direct

costs of installing emission controls on pollution sources. (4)

estimate the indirect costs of controls , primarily from loss of

world market share due to the increased cost of U.S. products

manufactured under tight emission standards , and (5) e s t i m a t e
the benefits in reduced dea th  and i l l n e s s  that would be obtained
by con t ro l l ing em issions .

Performing this analysis required the talents of a multi-

disciplinary team of experts in engineering, economics , medicine

and decision analysis. Assuming the competence of the component

analyses , the overall plan seems quite reasonable. The

generality of the report appears , however , to be limited by the

a n a l y sts ’ policy of considering only presently available

technologies and economic institutions. This restriction is in

kee ping both with the SRI group ’ s mandate from the Environmental

Protection Agency and with the conservative analytic policy of

bas ing calculat ions on real i t ies , not possibilities. As a result ,

they may have produced a “worst-of-all-possible-worlds ” scenario

for evaluating the economic impact of pollut ions con trols. It

assumes that cheaper , more efficient pollution devices will not

be developed , that other countries will not ado~~t s i m i la r  c a t - r e i n

and increase their own prices , that the U.S. will not r e s t r i c t

the import of goods produced by p lants tha t do not m e t  U .i~.

environmental quality standards , that companies will ;

their profit margins to maintain market share d osp it i;u’ia a:o d

production costs, and that local areas will show non of t h e

resilience needed to replace the jobs lost due to r~~liic i m ,ar . ’ t. ; .~~



Simplifying assumptions are necessary in any analysis.

For a report to serve either the public officials or the public

at large which has commissioned i t , th e se a ssu m p t i o n s s h o ul d  be

set out  as e x p l i c i t l y  as poss ib le  and th e i r  e f f e c t  on the r e s u l t s
of the ana ly se s  e x p la i n e d . A l t h o u gh  l i s t i ng  a s s u m p t i o n s  should
not be too p r o b l e m a t i c , a s ses s ing  t h e i r  impac t  could  n e c e s s i t a t e
a larqe number of costly subsidiary analyses. An a t t r a c t i v e

s o l u t i o n  would  be to l i s t  the  a s s u m p t i o n s and le t  anyone  who
q u e s t i o n s  them e x a m i n e  t h e i r  i m por t a n c e .  G iven  t he  soph i s t i c a t i o n
of a n a l y t i c  t e c h n i q u e s , however , few critics will be in t ha t
position .

The SRI g roup ’s choice of exemp lary pollutants suggests

ano the r  way in wh ich a n a l y s t s ’ procedural decisions ~an have

sizable effects on the results of their efforts. Of the two

pollutants , asbestos is considerably better known to the general

public . While cadmium has actually been judqed a somewhat

qreater hazard (Munn , 1 9 7 3)  , i t  has  never  s t i r r e d  the  sor t  of
controversy qenerated by Reserve Mining ’s dumpin q of asbestos-

laden taconite tailinqs into Lake Superior (Carter , 1974) or by

the high incidence of lung cancer in asbestos—p lant workers

(CBS , 1975)

Let us consider the possibility that the SRI group had ,

say, because of limi ted resources , been able to analyze only

one of these two pollutants. At first glance , cadmium might

appear to be the better choice. Accordinq to Moll (1975), just

as lawyers have a saying that good cases make bad laws 1 the task

of develop ing a qenera l methodology for evaluatinq the expected

costs and benefits of pollution controls might be best served

by choosing a non-controversial example. This sounds like a

re asonable rule of thumb . However, it is also the case that.
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the public typically shows interest in only the most

coatroversial environmental issues. An analysis of asbestos

certainly would elicit careful scrutiny by both Fcesearve ~ ininq

and by its opponents. By its scrutiny , each side would attempt

to eliminate erroneous material prejudicial to its position.

S c r u t i n y  from both s ides is a v a l u a b l e  s a f e g u a r d , l i k e l y  to
improve the q u a l i t y  of the a n a l y s i s .  If  on ly  one side
s c r u t i n i z e s, as seems likely with non-controversial pollutants ,

the r e s u l t i n g  a n a l y s i s  m i g h t  be unba lanced . T h i s  p a r t i c u l a r
problem could , of course , arise with study reports relying on

techniques other than cost—benefit analysis.

5.2 Nuclear Power

The Rasmussen report in its draft form (Atomic Energy

Commission , 1974) was one of the most ambitious and e.3rnest

efforts at risk assessment performed to date . Cogent criticisms

of its methodology requ ired an impressive marshall ing of

t a l e n t , most n o t a b l y  by the U n i o n  of Concerned Sci i iti s ts

(Kendal l  & Moglewer , 1974; Kendall , 1975) and the American

Physical  Soc iety ’s Study Group on Light Water Reactor Safety

(1975). The revision of the Rasmussen report (Atomic t n e r q y

Comriission , 1975) is largely an attempt to corroct the problems

found by these c r i t i c s .  
-

One main criticism was that the study had und orest irni ted

the consequences of a serious accident (should it occur)

~articu1arly in terms of genetic defects , non—fatal cancer , an d

groundwater contamination (Primack , 1975). A second critic i sm

was that the probability of failure had been u n d e r e s t i m a t e d
(Weatherwax , 1 9 7 5) .  A t h i r d , and pe rhaps  the  most  d i s c o u r , u ; i n q ,

was t h a t  i t  is impossible  to g e n e r a t e  e s t i m a t e s  of risk with the

r 4



.- — - —-

accuracy claimed by the report (Findlayson , 197~’)

These inadequacies resulted from (11 omissi ons , f o r
example , failure to consider the possibility of sabotage or of

procedura l violations by plant personnel except under conditions

of stress; (2) oversimplifications , for example , the assump tion

that failure rates are constant throughout the life of a

component , whereas  many  components have substantially higher

failure rates at the beginning and end of their service life ;

(3) use of inappropriate scientific evidence , for example , an

evacuation model based on experience with smaller numbers of

people in a smaller area and with greater lead-time than is

l i k e l y  to be a v a i l a b l e  in a n y  rea l c r i s i s ; a nd ( 4 )  l a c k  of

r e l e v a n t  da ta , for  e x a m p l e , the  absence of a n y  f u l l — s c a l e

s i m u l a t i o n  of s a f e t y  sys tem o p e r a t i o n  in  t he  even t  of loss-of—

coo lan t  a c c i d e n t .

I t  is i m p o r t a n t  to n o t e  t h a t  these  c r i t i c i s m s  became

appa ren t  o n l y  a f t e r  intensive s tudy  of t he  r epor t  by e x p o r t s
f rom a v a r i e t y  of d i s c i p l i n e s .  Much of the c r i t i c i s m  was

v o l u n t e e r e d  by i n d i v i d u a l s  concerned w i t h , and o f t e n  h o s t i l e  to ,

n u c l e a r  power.  If such ou tside r ev i ew can , in fact , serve a

u s e f u l  purpose , i t  shou ld  be i n s t i t u t i o n a l i z e d  and  dep ol zticii’e )

(see a l s o , Rowen , 1973;  N e l l , 1 9 7 6 ) .

I t  is a l so  i m p o r t a n t  to no te  t h a t  the  g r e a t  a t t e n t i o n

spent on e s t i m a t i ng  the  r i s k s  ot n u c l e a r  power (three m i l l i o n

d o l l a r s  fo r  the  Ra smussen  r e po r t , a l one ) h a s  not h e n  m a t c h e d

by a l i k e  e f f o r t  to assess t h e  expected b e n e f i t s  of nu clear

power.  Yet , a t  leas t  some of the nuclear power controversy may

be t raced to d i saq r e e men t s  abou t  t he  extent of these l ’ n t  i t s .

To l i s t  bu t  f o u r  of t h e  q u e s t i o n s  r e s p o n si b le  f o r  u n c e r t i i n t  ie s
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about the economics of nuclear power: “Wi ll OPE C f a l l  a p a r t ,
or will the price of oil for some other reason drastically

i nc rea se  or d e c r e a s e ? ”’  “ W i l l  a s i q n i f i c a n t  n u m b e r  of A m e r i c a n s
s u b s t a n t i a l l y  reduce t h e i r  e n e r g y  c o n s u m p t i o n ? ” ; “ W i l l  t h e r e  he
sufficient capi tal to finance these enormously expensive p l a n t s ? ”
(Business Week , l975h); “Wil l there he sufficient uranium to

keep the plants runninq ?” (Day, l97~~). On the other hand ,

earlier analys es of nuclear powe r are often faulted for havinq

considered only the benefi ts and ignoring the risks (see also ,

Dyson , 197 5). An effective cost—benefit analysis must adequatel y

treat both sides of the ledger.

5.3 Earthquakes

In 1971 , the Long Beach City Council commissioned the

J. H. Wigg ins Company to analyze several proposed changes in the

city ’s buildin g code , each of which guaranteed different degrees

of protection against earthquake damage at some price . As

r epo r ted b y W i g g i n s  ( 1 9 7 2 , 1 9 7 3 ) ,  t h i s  p r o i e c t  made  a r e m a r k a b l e
e f f o r t  to i n v o l v e  the  p u b l i c  in  t h e  process of p r e p a r i n q  the

report  and to make  t he  final recommendations comprehensible to

t h a t  p u b l i c .

Particularly notable was the analysts ’ realization that

people have difficulty understandin g very low probabilit ies in a

meaninqfu l and ~appropriate way. As a result , they used a

technique which compared the risks associated with the various

possible buildin g codes with those associated with natural

h a z a r d s .  A l t h o u g h  t h i s  t e c h n i que m i g h t  he useful in many

s i t u a t ions , dif f i c u l t i es can arise from try in g to implement i t

without a thorough understandin g of the cognitive apparatus of

the people makin g the ~udqments. For example , he w i tt and Burton
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( 1 9 7 0 ;  c i t e d  by B u r t o n , K a te s  & W h i t e , in p re s s)  had residents

of London , O n t a r i o , j u d g e  t i-i e p r o b a b i l i t y  of various natural

hazards. Their resul ts showed that w h i l e  people ’ s p e r c e p t i o n s
of hurricanes and tornadoes were quite accurate , they typically

o v e r e s t i m a t e d  the  p r o b a b i l i t y  of f l o o d s ;  fo r  ice s to rms , t h e y
were sp l i t  between u n d e r —  and o v e r e s t i m a t o r s .  Thus , t h e  n a t u r a l
h a z a r d  chosen as a reference risk can seriously bias , in either

d i r e c t i o n , peop le ’ s percep t ions  of the b u i l d i n g  code r i s k  t h e y
are asked to evaluate .

5.4 Misuse

A l l  cf the problems discussed above must be considered
honest  m i s t a k e s , if mistakes at all. I t  would  be n a i v e , however ,

to assume tha t  a l l  p a r t s  of a n a l yses are performed to the best

of the a n a l y s t s ’ abilities. Certainly, i t  is p o s s i b l e  to b i a s
the  r e s u l t s  of an a n a l y s i s  in  a v a r i e t y  of f a s h i o n s .  Some ways

l i k e  “ a t endency  of the  a n aly s t  to c o n c e n t rat c  on those aspects

of t he problem that are easier to treat ” (Committee on Public

Eng ineering Policy, 1972 , p. 14) or a tendency of the analyst to

have too much faith in his product and , therefore , to oversell

it (Milch , 1976; Strauch , 1975) are fairly innocent. Other ways

are more devious , as when e x p e r t s  s u b m i t  s c i e n t i f i c  ev idence  of

low q u a l i t y  or p lay  “ numbers  games ” to convince the public that

what  i t  w a n t s  is w h a t  the analysts want i t  to w a n t  ( B o f f e y ,  1976;

Green , 1975;  Kantrowitz , 1975 ;  P e sk in  & S e s k i n,  1973b ;  S c h i n d l e r ,

1976)  12

Short  of d e l i b e r a t e l y  s l a n t i n g  t h e i r  results , analysts

can mislead the public by presenting information in a form that

is unusa ble. A 17—volume , 9,000—naqe De~. a r t m e n t of t h e  I n t e r i o r

study of the impact of an Alaska gas pi p eline has been called by
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a critic “a monument to irrelevancy. Nowhere in it can one find

a su c c i n c t  a n a l y s i s  of t h e  choice  t h a t  must he m a d e . ” (Ca r t e r ,

l9 7 5 a , p .  3 6 1 ; a l s o  C a r t e r , 19 7 6 )

P r e s e n t i ng  i n f o r m a t i o n  in a u s a b le  f o r m  may r e q u i r e  a
f a i r l y  deep u n d e r s t a n d i n g  of t h e  r o q n i ti v e  processes of the

i n t e n d e d  a u d i e n c e .  As a f u r t he r  e x a m p le  of t h e  c o g n i t i v e

p r o b l e m s  r a i s e d  above , consider the importance of analysts

informing their readers about the reliab ility of t h e i r  e s t i m a te s .

There is , however , a b u n d a n t  ev idence  (e .g ., Gettys , Kell y e~
Pete r so n , 1973;  K a h n e m a n  & T v e r s k y,  19 7f l  t h a t  were  such
i n f o r m a t i o n  provided , people  would  not  know hew to  use i t . In

particular , people seem to he lust as c o n f i d e n t  m a k i r a  i n : ’ r ’ -  s

from highly unreliable data as from reliable data , rather t h e

less confident as statistical theory dictates.

Liqht ’s (1975) criti que of a Department of Healtn ,

Educa t i on  and W e l f a r e  r epor t  on the Economic  Cost of A l e  t e l
Abuse and Alcoholism provides a case stud y of ho w r~~l i a h i l i t y

information may be undervalued and even ignored . The rep o rt

estimated that the economic cost associated with the misuse of

alcohol  was $25 b i l l i o n  a yea r , bu t  hedged this conclusion

g r e a t l y  w i t h  re fe rences  to the  t e n u o u s n e s s  of some of t he

assumptions that had to be made to complete t h e  s t u d y .  In  t h e
HEW press conference reporting the study, and in its subsequent

citation by public figures like President Ford , this “admirable

r e s t r a i n t” was absent , w i t h  the  $ 2 5  billion figure acquirin g the

s t a t u s  of a u t h o r i t a t iv e  f a c t. 13

F i n a l l y ,  as w i t h  o ther  aspects of p u b l i c  l i f e , there is

the pos s ib i l i t y  of de l i b e r a t e  d e c e p t i o n .  W i t h  cost-benefit

a n a l y s i s , such i n t e n t i o n s  cou ld  be manifested in shaping the
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anal yst ’s mandate to avoid par ticular issues , obscuring loop holes

in proposed legisla tion , hidinq assumptions , suppressing the

results of analyses , or simply being un imaginativ e . Rowen (1Q 73 )

has  no ted  t ha t “Dominan t alternatives are made , no t horn; they

are usually craf ted by designers who have a deep understandinq

of the  r e l e v a n t  production functions , have thought hard ahoat

o b j e c t i v e s  and  m e a s u r e s  of e f f e c t i v e n e s s, a nd a r e  a b l e  to  shape
and m o d i f y  a l t e r n a t i v e s  u n t i l  one or more  emer g e  as  w i n n e r s
( l 9 7 ~~, p.  3 6 8 ) .

A soc i e ty  or o r g a n i z a t i on  w h i c h  r e l i e s  on c o s t — b e n e f i t
a n a l yses to guide its decisions will have to he a l e r t  to i n s t a n ce s
of misuse  bur i ed  in  complex  detail. Peskin and Seskin warn that

“Since  in most  c o s t — b e n e f i t  analyses , there is considerable

o p p o r t u n i t y  to nin ke  s e l f — s e r v i n g  a s s u m p t i o n s , it is f a i r l y  easy
to doctor the  a n a l y s e s ” ( 19 7 3 h , p.  30 )
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6. C O N C L U S I O N

I believe that the benefits of cost-benefit analysis can

substantiBlly outweigh the costs. Prop erly done arid used , i t
can open up the  b u s i ne s s  of te c h n ole qy ass~~rsment and regula tion

to the  p u b l i c .  I t  for c e s  g o v e r n m e n t  and  i n d u s t r y  to c o n s i d e r
societal costs and benefits in their planning and to dci so in a
way that allows the public to criticize their analyses. Those

who find technological development and expansion repugnant may

f i n d  i t  hard  to i m a g i n e  an a l l y  in anything as technical as

these  a n a l y s e s .  Yet , i t  shou ld  he noted that even were a no—
growth philosophy to wir~ out , t ech n o l o g y  w o u l d  s t i l l  have  to be
moni to red , and t h i s  seems to be one of the best ways of doing

it. I n deed , in  a n o — g r o w t h  s o c i e t y ,  it would take large

quantities of the unpol luting brain powe r invested in cost—

benefit analyses to use best the limited resources with which

we would be living .

However , as w i t h  a n y  t e c h n o l o g y  or any  compon ent  of the

democra tic process, eternal vigilance is needed to ma k e  c’est-

b e n e f i t  a n a l y s i s  ser ve its p u b l i c  purpose . A n a l y s e s  can he

subverted bo th  d e l i b e r a t e l y  and inadvertently by those who order

them , and by those who interpret them. Many observers have

described , o f t e n  in fairly diabolical terms, the collaboration

and community of interests between government regulators and

the industries they are supposed to requlate (Cramton , 1972;

L a z a r u s  & Onek , 1971; Mineral King Valley, 1970; Mitnick & Weiss ,

1974;  Nol l , 1976; Of B i rds , Bees and t he  FPC , 1917;  P r i n q l e ,

1968;  Sax , 1970)  . If  these d e s c r i p t i o n s  a re  t r u e , i t  is not

hard to imag ine  c o s t— b e n e f i t  a n a l y s e s  being quickly adapted to

t h a t  c o l l a b o r a t i o n, w i t h  r e gu l a t o r s  d e r i v i ng  t h e  f ig u r e s  they

need to p e r f o r m  the i r  a n a l yses directly from the regulated
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~n~~ustries , with little public input (Keating, 1975). AnJ , in

an atmosphere of mistrust , even compet~ nt , honest analyses are

viewed with suspicion. Some suogestions follow on re~~ best

manage cost—benefit analysis.

Clear rules should be established for what issaes m erit

cost-benefit analyses and how their findings are to be used .

For example , they should cover not only the scheduling of a

hea r ing , but  also wha t  O ’ Le a r y  ~1975)  c a l l s  “ u n d e r p r o m o t e d
priorities ” , projects without influential backers , but which

may be in the nation ’s interest.

The role of the pub l i c  in these a na~ yscs must also be
formalized . Obviously, when analysts assign values to the

positive and negative consequences of technologies , these values

must reflect the public ’s best interests , however sticky i no t i o n
that is. Perhaps less obviously, the public , in its variety,

must  be put  in a posi t ion where i t  can c r i t i c i z e  the  t e c h n i ca l
aspects  of the r epor t s .  This may require not only public

meet ings  and f ree  c i r cu l a t i on  of c o s t — b e n e f i t  a n a l y s e s , b u t  a l so
the h i r i n g  of independen t  c r i t i c s  for  each r e p o r t .  They should

be paid as wel l  for  the criticism as the cost—benefit analysts
are paid for  p roduc ing  t h e i r  reports , w i t h  such f u n d s  be inq
w r i t t e n  in to  every cost—benefit analysis bud get. 14

Viewing cost—benefit analyses as political instruments

imposes a serious burden on dec i s ion  a n a l y s t s .  They m u s t  no t

o n l y  g u a r a n t e e  the tech n ical  correctness of thei r work , but a l s o

the v a l i d i t y  of the way in which  t h e i r  research  mandat e is

f o r m u l a t e d  and the way in w h i c h  t h e i r  r e s u l t s  are  used . T hey

mus t , in the  ex treme , be ready to refuse to a c cep t  i p r o ] e c t

when they  fee l  t h a t  the  research  q u e s t i o n  is l o a d e d .  For x am~de ,
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Fay (1975) has ident ified what he calls the “over—cap italiz ation

ri p—off” , in which an industry gets so committed to a project

t h a t  t h e  p u b l i c  can not  a f f o r d  to le t  i t  go u n d e r .  The an a l y s t

assigned to study such a project must be ready to show the

p u b l i c  when and where the orig nal erroneous decisions wer e  trade.

When r e s u l t s  t h e y  p roduce  a re  in  d a ng e r  c f  m i s i n t e rp r e t a t  i o n

(as most complicated findings are), analysts mus t- m o n i t o r  w h a t

happens to them once they are released into the publi c domain.

In controversial eases , this follow—up may require lar .ie in arn t s

of u n p a i d  t ime . However , i t  may be effort - well spent In rJor

to m a i n t a i n  p u b l i c  c o n f i d e n c e , i t  may he extremely imp o r t a n t  for

those in the cost—benefit business to n (lico their field

voluntarily for inferior workmanship.

Beyond these precau tions , analysts sho u ld do everything

in their power to guarantee that the publi c is not onl y t i e t

m i s l e d , but is actua1ly properly inf ormed . This means c )arify in q

their assumptions and the way they get their f i g u r e s , w o r r y i n g
about dissemination in comprehensible form to the widest po ssibli

a u d i e nce , and making themselves available for p u b l i c debat e .

Perhaps the most important - aspect of informin g t h e  p u b l i c

is for the analysts themselves to point out the limi t s  of t h e i r

craft. Althou gh such humility may be painful , it protects t h e

analysts from p~ omi sinq too much and losin g credibility w h e n e v e r

their analyses prove  f l a w e d . H u m i l i t y  w i l l  a l s o  pr~~toct the

public from the feel m g  that they must s u r r e n d e r  r esp~~ns i hi l i t  y

for critic al decisions to seemingly infallible experts. A

publi c that recognizes these limits will turn to t-ho analyst ~et

f oi iron—clad solutions to problems , hut for oth erwise

u n o b t a i n a b l e  r i n d o i s t  a n d i r i r of  t h e i r  intricacies. I f  t h e  . r n i l y s t  s ’
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best efforts at quantification prove inadequate , th i s  w o u l d  he
seen as a sign , not of failure , hut of the fact that some

questions of quali ty cannot be incorporated into an a l y ses , hut

must he studied in their own right and combined  w i t h  t h e  i n s ig h t s
produced by c o s t —b e n e f i t  s t u d i e s .

------
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7 . NOTES

[L:x~~lica tion of the differences between these approaches is

beyond the scope of this paper. This term “cost—benefit analysis ”

is used here to refer to the broad spectrum of such t echn i ques .

2The in te res ted  reader may f in d  more forma l d i s c u s s i o n s  of the
d e c i s i o n  model described here and o ther  r e l a t ed  approaches  in
Bereano , Ca l l er i , Ke l ine r , Olson & Wengenro th  ( 1 9 7 3 )  Brown , Kahr

& Peterson ( 1 9 7 4)  Coates ( 1 9 7 6 )  ; G a r d i n e r  & Edwards ( i n  p ress)

Howard ( l 9 7 5 a ) ;  M i c h a n  (l972a); P e s k i n  & Seskin  ( l 9 7 3 a ) ;  and
Siebert & Za id i  ( 1 9 7 5)  , as well as in many of the r e f e r e n c e s
cited in this paper.

3mere has been some theore t ica l  work on how to i n c o r p o r a t e
equ i ty  cons idera t ion  in c o s t — b e n e f i t  analyses (e.g., Uaveman &

Weisbrod , 1973; H e t t i c h , 1976;  Hochma n & Rodgers , 1969;  M i s h a n ,

1972b;  R a s k i n , 1975)  . This research  has , however , h r d  l i t t l e
impact  on the way ana lyses  are p e r f o r m e d .

4Nash , Pearce & Stanley ( 1 9 7 5 )  p rovide  f u r t h e r  d i s cuss ion  of the

moral basis of cost—benefit analysis and of analysts ’ apparent

f a i l u r e  to u n d e r s t a n d  the value—laden assumptions of their craft.

5For example , w i t h  the publication of the draft of the report

b e a r i n g  h i s  name , Professor Rasmussen noted that the possib le

presence of f u ndamen tal design errors in safety systems cou ld

not  he predic ted  (G i l l e t t e , 1 9 7 4) .

6One example  of the sort  of s u r p r i s e  t h a t  may a r i s e  in  t h e  w a k e

of s c i e n t i f i c  ignorance  is  provided by P h i l i p  H a n d l e r  ( 1 9 7 3 ,

c i t e d  i n  Green , 1975a)  . In  1938 , on the basis o~ r e se ar c h  r n ’ u
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causes  o f p t l l a q r a , he recommended t h a t  nj c o t i n j c  ac id  he added
to  co r n .  “ P e l l a q r i  d i sap p e a r e d  w i t h i n  two y e a r s , in not  s m a l l
pa r t  because  of  t h e  f o r t i f i c a t i o n  p r o g r a m .  I t  d id  not  occur to

me u n t i l  some t i m e  thereafter that I had no idea  whether there

miqht- he a n y  i l l  e f f e c t s ” f r o m  t h e  f o r t i f i c a t i o n .  Two years

later , he d i scove red  such i l l  e f f e c t s  in  rats fed larqe doses

of n i c o t i n a m i d e , t he  f o r m  in which the vit amin occurs in

coenzymes. For a further example , see Hammond & Maugh (1974).

7
Zeckhauser (1975) reports that “Jan Acton ( 1 9 7 3 )  p repared  and

d i s s e m i n a t e d  a q u e s t i o n n a i r e  wh ich  a t t e m p t e d  to determine how

much individuals would pay for a mobile cardiac unit that would

decrease the probability that they would die if th y had a heart

attack . His results suggested that individuals had difficulty

responding to the types of questions he posed , though they

provided answers that were not obviousl y unreasonable .”

8An excellent discussion of this and other “Procedures for

valuin g lives ” may he found in Z e c k h a u sr r ( 1 1 9 7 5 ) . A lso

Ulirshleifer, Bergstrom & Rappoport- (1974); Linnerooth (1975);

Zeckhauser & Shepard (1976)

9A c c o r d i nq  to the Committee on Principles of Decision Making

fo r  r e g u l a t i ng  C h e m i c a l s  in t h e  Environment , “The arqunient f o r

relying on free markets to allocate resources is based on the

assumption that markets reflect individual values; hut the very

existence of qovernment regulation denies this to the desired

degree .” (National Academy of Sciences , 1~~7Sh , p. 41.) It is

worth noting th a t Otway and Cohen (l~~75) were un~ihle t o

rep licate Starr ’s emp irica l results .
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10 T h is  l a s t  a s s u m p t i o n  appears  p a r t i c u la r l y  u n r e a son ah l e  when

c o n t r a s t e d  w i t h  the  a s s u m p t i o n , used € l s e w h e r o  in t he  s t u dy .
t h a t  l o n g — t e r m  b u i l d — u p  of c a d m i u m  in  loca l  r e s i d e n t s  i s
r e l a t i v e l y  s m a l l  due to A m e r i c a n s ’ h i g h  mobility (i.e., few

people will be close to the plant long enough to absorb a lot).

This mobility is a reflection of the sort of responsiveness to

changing economic conditions that presumably might provoke some

response to lo st lobs other than resignation. See also Hanke &

G ut m a n i s  ( 1 9 7 3 )

11The Brown ’s Perry experience , in which the county civil defen s e

o f f i c i a l  was not  n o t i f i e d  u n t i l  two days after the near—disaster ,

seems to cast f u r t h e r  doubt  on t he  v a l i d i t y  f t he  model  t h a t
was used (Comey,  1975a , b ) .

12 ln  the c o n t e x t  of s t u d i e s  a s se ssinq  the  safety of sys t ems  f or

transporting and s t o r i nq  l i q u i d  n a t u r a l  gas , Fa i r l ey  ( l 9 7 ~~)

present-s an interestinq compendium of ways for misi nterpr eting

and misrepresenting accident statistics.

13Glen n Schweitzer , Director of the Office of Toxic Substances

in the Environmental Protection )\gency has commented , “ leg ot t n

lawyers and economist-s seiz~ ripen (stat -ist-ic .illy ] i i v e d )

numeric al risk factors forgetting that t he s e  e x p e r i m e nt a l l y

P r iv  d est.  ima res  m a y  i n  f a ct  have a very shak y re l v .  it ‘e t ‘ t he

r o i l  world” ( 1 9 7 3 , p .  7 3 ) .  See also Lodqe (197h) .

14 R e l a te d , and somewhat-  more d e t a i l e d , p roposals  f o r  i n dep e n d e n t

c r i t i c s  may he f o u n d  in C ar r o l l  ( 19 7 1)  , Eri e ( 1 9 7 1 )  , [ a 7 a r i s  &

Onek ( 1 9 7 1 ) ,  M i t n i c k  ~, We i s s  (1974), National Academy of Sciences

( 1 9 7 5 b )  , and Pet-ak (1973).
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Proposals for large-sca le government and pr ivate proje c ts  are inc r nas inq ly
coming under the scrutiny of the cost -benef i t  a n a l y s i s , dec i s i on  a n a l y s i t ,
risk assessment and related approaches. This paper present s a critical
overview of such analyses. It discusses (a) their rationale; (h) th ei r
acceptability as guides to decision makin q . (c) the proble ris such an al y ’es
encounter; (d) how they may be misused; and (e) what steps are needed tM
increase their contr ibution to society . The discussion is ille trat e d
with a variety of examples drawn , in particular. from the eva ludt i on nf new—
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20. (Continued)
‘-~echnologies.

W h a t e v e r  their flaws , such analyses appear to have a critical role in guiding
social decision making. It is important , however , for both the analyst and
the non—expert consuffier of such analyses to understand the errors to which
they are prone in order to maintain a cr i t ical  perspective . Indeed , the
inst i tut ional izat ion of such criticism is essential.

Additional researc h is needed to c lar i fy psychological (subj ect ive ) aspects of
the analyt ic process in order to (a) reduce the errors and omissions made by
analysts , and (b ) help policy makers and the public understand the results
and the assumptions under which they were reached.
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